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Abstract 
To study the effect of nitrogen fertilizer and irrigation regimes on some crop growth indices of forage maize under conventional and conservation 
tillage system, an experiment has been conducted in split plots with a randomized complete block design and three replications at University of 
Tehran’s farm during 2018. Tillage systems, as the main plot in two factors, include conversation and conventional tillage, whereas water stress, being 
the subplot, is in three levels which are 30%, 60%, and 90% of moisture requirement. Also, nitrogen fertilizer, as the sub-sub plot, is at three levels, 0, 
50%, and 100% of the recommended rate. Results in the flowering stage show that the highest leaf area index (6.28) and crop growth rate (34.01 gr m-
2 day-1) have been obtained from the interaction between slight water stress (90% of crop water demand) and nitrogen (100% of crop demand) as 
well as the interaction between slightly water stress and 100% nitrogen in conventional tillage, respectively. The highest relative growth rate (0.08 gr 
gr-1 day-1) and total dry matter (1006.86 gr m-2) belong to simple impact of 100% nitrogen along with the interaction of slightly water stress and 
100% nitrogen in conventional tillage, respectively. Results show that under severe water stress and higher application of nitrogen, the fertilizer will 
cause less crop dry matter under conventional tillage. 
 
Keywords: Conventional tillage, crop growth rate, dry matter, leaf area index, relative growth rate. 
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8. Crop Growth Rate 



89�': ;�� ��� <�= �.��) �*> /'�?�:� � @A� B�=� :� C=�
 ��� -
�� � �:BD	$ E�F �+*D$ �& )Zea mays L(. 

  

 ����23 �  ���	
2 �  ������1400  
237

$"�% +�NC &' �"��(�)* +�, -�%� -�. �� -'

 `��	� � -&���!� t
��8 �!.�78 � �%&��4 5*�6�

 .�% @�A�' u�� �����9% �� `F'� �'�9� ��:!�'� �d�aH  

  

2�	� 	 ���� . � 

'
B ��&4
# *'�& ��� ��� 98 -13973 �  5dE�R� ���	�

/���� �����0�" 1)�2� -�. � � !" #	� 3-&��

+�NC &' �"�� � b!" c��� �� )�* �� ������� ��� 

$"�%(�)* +�, -�%� -�. w'�� I:	�� /F� -'

704 %&��4 *�6� �� � �!.�78�  `F'� �'�9� ��:!�'�

u�� �����9% �� .�% @�A�'  B
' �
��('�xK +�J2!�

 I��% *�6�1321  ���QR� &' y�N��' �
�� ��H 3

('�xK���
 51 F�% K���3 ('�xK z�*���
 35 ��K 

 �48 F��\ E��%�� ��%��' .
B '�'� \R	�- 

f4 '�.�- @�V  b!" � ����:���B V����� �33 E��5 

 ���O248 ��)� ��� ^�' � � 
6�( +��C�J" .

 ���K �� #
��&4 I]� 0�" �
����%)1(  .^�' ���4

 � �
��)F �
����% {�]E &' #
��&4 ���� *�6� 0�"

@�E ^(�� -'�'�^�� I��F �N�( �'�\� .��� w� �4 w�

)2 /9 �)�� @�V �'�F �E���� �O �� |�a
�\� (@�V�)�� ��

) /����8 {�]E &' ��O B
' �� ^%'�145 �)��  �� @�V

.��� K'�� ��a�� �� (@�V�)��  

 B
'#.�78 � +��C +�� �� ��%��" ��� �� -�.

0�)� G�H DE�F @�A�' �'� � � �� �(��J� I��� -�.

0�" #
��&4 B
' �� �)C' I��* .�%  QR� �� �� -&��

��) 0�"  QR� � �� -����4 �*�( I��* 3(@���� � -&��

�}6K #	�)1 � �'�	* n���� 3�.�%2 �
�% �3 � D���� 

 w��'��90 360  �30  I��* � (��4 &��� �C��

�*�( ) QR� � �� ������� ��� �*�(�NC 350  �100 

                                                                                    
1. Slight water stress 

2.Moderate water stress 
3. Severe water stress 

�C�� �'6�� �C��  5R\� ���4�� ^9K .����� (��%

�*'�& ^�(�M4 V���78 5R\� ��5  ]NC ��:��� &' 3/}'�

-��!(6 ���) 505(� 
��' 3  ^��H� �'6�� � �% ���N��'

 �'6�� w��' B
' �� .���% a��]� ~�\� B
' �� 0�"

 /}'� �V���78 R\� � �*'�& ^�(�M �� 0�" ^��H�

� D���� 38/25  �3/12 � �C�� .��4 ^��  � K�� ��

���� �'���-�.�M ��J2� @�K 3-  0�"33/1  �� @�V

�����'�� .�% B�i�d� Dd ����-  f4 �'�\� a��]�

&������� ����4 ^��� �. ��-  R�'� &')1(  ���N��' �%

)Alizadeh, 2004.(  

 R�'�)1(              DN =[(FC-PWP ) /100] ρb. Dr. F  

 3�4 �� �DN ) -����4 �. �� f4 �'�\�mm 3(FC 

R\� �� 0�" �̂�H� ��&� �C�� 3�*'�& ^�(�M PWP 

 3/}'� �V���78 R\� �� 0�" ^��H� ��&� �C��ρb  @�K

) 0�" -�.�M ��J2�gr.cm
-3 3(Dr  !
� ��p� k�*

)mm � (F .�	��. (�C��) 0�" ^��H� �)2� D
�r  

� ���	� ^��H� ��:��� &' -����4 ���& $�2!�  W	�

 0�"Delta, T ���) HD2 .�% ���N��' (���E4 3

�&'��' -��V ) !
� d��� k�* �� 0�" ^��H�30 

����� -�.�'�� &' ���N��' �� -����4 .^(�V @�A�' (���

�&�� 5)C�( �� � ���o8 -�.20 ����� I��* .�% @�A�' ���

 ��� �*�( I��* .�% ���*' �V�� #% 5)O�� �� #	�

��\� �� QR� � �� �������
 3(��� ������ ����) �.�% �

50  �100 �'�\� �C�� ) 	�9�300  (��� . �� @�V�)��

 $2!� 0�" 6�E��4 w��'�� 	�9� ������� �'�\� .���

�C�� � K�� �� .��� ���' ��� 6�� �4 `a	� � �
��V -�.

) �N�( -�.��� 3-���100  /����8 � (��� . �� @�V�)��

)250  s�J� ^%�� &' IaF ���& �� (��� . �� @�V�)��

.�%  

                                                                                    
4. Field capacity   
5. Permanent wilting point 

6. Pressure plate  



$�	%&'( )�*�+& �,�-	�# ).*/�01 2'3 )4-"# �56#� �&7� 

  

 ����23 �  ���	
2 �  ������1400 

238

  

  

  

L�-1 1 .�*6='E� +'M7B� � 
'	'��7 <�= (�# �#.N7@  

���� k�* -'���

)cm(  
 � 
�� E' ^
'�.

(ds/m)  

 �
���'

)pH(  
 �E4 B���

(%)  
 �������

(%)  
 w���� I��F �N�(

(mg/kg)  
 w���� I��F /����8

(mg/kg)  

 ^(��

0�"  

0-30  56/1  7/8  73 /0  098/0  2/9  145   @�E���  

  

 )O�� 3^%�� &' IaF �
��� � �� ������� ��� I��*

I��� @�:	. � �V�� ^!.  .���% (�r' 0�" � �.�

 .��� �K ^%�� ^]� 3�.����� ���*' &' IaF H���� B��&

0�" �� B.4��V n��� B��& '���' @���� -&��

�'��V��  t�� � /2% �'� �� � �% ��& b�
� )O�� ��

 ���N��' b�����	8 ������ &' +�, ^%�� -'�� ^
�9�

�� ��� �� +�, ^%�� -'�� .�
��V 0�" �� 3-&��

�� ��J2� c����� &' ���N��' 0�"  b�����	8 -&��

 0�" �� �.�q� /�\��� ^!� � @'�F' �� %'�� ^��%

) �%|�a
�\� 90 �F�� 0�" QR� �� �
�\� �C�� �����

 ^!� n" #% +�� �. I"'� �� .(�����10 -���

1
�� )C�( .^%'� ��K�  I:	�� /F� +�, ^!� -�.

 w'��704 +�� ��  3�.75 ����� ��� )C�( � ���  �.

����� � 1
�� -�� �(�V ��� �� ��� .���%� ���	� 

+�� )C�( 3�!
��&4 -�R" #.��  ��� �� ��� b
 �.

1)* ���	� .�% �(�V&�. -�. 1)* &' ���N��' �� #�

 5)O�� �� ����NE�� � ����9g � �V��/. B�	g  B�K�

 ^%'��� � ^!� �
��� .�% @�A�' ^��� � �� ����

� D���� 20 ������  �14 �9���� 1398 .��� 

� ���	�  �� 3��� b!" �&� � X�� QR� B��d�

IV )O�� �� �%�O ��' sqO &' �d� +�� �. &' �.�


 &' ���N��'���� �d������ b
 +'��'�� b @�A�' -��V

��� @��� � �%1� �.���� .���% �� �. �� ��K�� -�.

�&� 3��:!
��&4 � ��\��' &' �d� +'��'�� �4  �.&'��'�  -��V

X�� ����'�K &' �d� .�%QR� 3�. �4  �. &' ���N��' ��

X�� QR� ��:��� ��� ) W	�Windias 3 (�'�
' 3

�&'��'  -��V��� @��� .�% �� ��4 � +'��'�� �. -�.

 -���75 ����� 5K��  &' t8 � ���% I\�	� �'�V72 

b!" �&� ^*�� �4  �. ����� -'�� .�% B
&�� �&'�� ��

 R�'� &' �%� IJ( ��H �� ��� X�� QR� �)J( ����

)2( ��H �� ��� b!" �&� �)J( ���� ����� -'�� 3

 R�'� &' �%� IJ()3(�� -'�� 3 �a�� �%� ^*�� ���

 n�'�� &' +�, ��J]� �%� ^*�� �)4(  �)5(  ���N��'

.�%  

) R�'�2 ( )Kochaki et al., 2009(  
Y = a0+a1×4× (exp(-(x-a2)/a3))/(1+exp(-(x-a2)/a3))

2 

  

) R�'�3)  (Yin et al., 2003 (  

TDM = �

(��	
���(
����
   

  

) R�'�4)  (Kochaki & Sarmadnya, 2008  (  

RGR = ��������

����
  

  

) R�'�5)  (Kochaki & Sarmadnya, 2008 (  

CGR =
(�����

��(�����
     

�4 �� �  3�.a0 &' z�* :��a� 3a1 : � ����� ���&

 3X�� QR� �l�'�Oa2 : 3X�� QR� �l�'�Oa3 : R\�

 )O�� ��'� X�� QR� �%� �4 �� � ^�' �	]	� 1R*

�� �R" � ��%x  ^%�� &' t8 &�� D�O�� ���&

��  ��%��a :#�� �� IJ( ��H �� ��� b!" �&� B


 3��� �%�b��!� D
�r : #
'6(' -�	� ��	.���x�� 

 3���������c �&� �'�\� �l�'�O �C�� ��A	8 � ����& :

�� ��N�' ��� b!" .��('RGR�a�� �%� ^*�� :  @�V)



89�': ;�� ��� <�= �.��) �*> /'�?�:� � @A� B�=� :� C=�
 ��� -
�� � �:BD	$ E�F �+*D$ �& )Zea mays L(. 

  

 ����23 �  ���	
2 �  ������1400  
239

 3(&�� �� @�V ��CGR 3��J]� �%� ^*�� ::W1  �&�

���� �� ��� b!" 3(@�V) ��' -�'���W2 b!" �&� 3

���� �� ��� 3(@�V) @�� -�'���T1���� ���& : -�'���

��'  3(^%�� &' t8 &��)T2���� ���& 3@�� -�'��� 

 � (^%�� &' t8 &��)GA �� ��!� '� B��& QR� .�.�

 n�'�� ��)2(  �)3( @�� &' ���N��' �� D
'�r �'6('Slide 

Write V.01 ��'� .���% ���4�� #
��&4 &' IC�O -�.

@�� n��� �'6('SAS  2��)9,4 �
�\� � ���% 6�E��4 (

 ����O' QR� �� B �'� ���&4 &' �.��N��' �� �. B�:����5 

@�� &' �� %' /���� -'��  .�% @�A�' �C�� I��' �'6('

.�
��V ���N��'  

  

3��� 	 ���  . 

� 
6A� ���K W
��� ����O' QR� �� � �'� ��!� t��
�'

 �%� ^*�� ^NC �� ������� ��� ���� ��' 3�C�� b


 ^NC �� ������� ��� � � !" #	� I��\�� ��' � �a��

0�" I��\�� ��' 3X�� QR� $"�% � !" #	� 3-&��

 �&� � ��J]� �%� ^*�� +�NC �� ������� ��� �

�	d� ��� I� b!" ���K) ���% �'�2.(  

  

3 .1. !"� #$% &'( 

� �'� ��!� t��
�'� 
6A� ���K W
���  #	� I��\�� ��'

�	d� ����� ������� ��� 1)�2� G�R� � � !" �� -�'�

 ^%'� �C�� b
 ����O' QR� �� X�� QR� $"�%

���K) 2IV 5)O�� �� .( �.�/� �� QR� $"�% B


) X��68/2) �
�% � !" #	� ����� �� (30  &��� �C��

@�* � (��4  #
'6(' �� .�% ��.�!� ������� ��� ������

I��F f4 ��.'�(  � w����/. B�	g  3������� ��� ������

^(�
 #
'6(' X�� QR� $"�% �'�\�3 � ��H-  �

#�� ��) �4 �'�\� B
28/61�N" ��4 #	� �� 3( )90 

 ������ � (��4 &��� �C��100  ������� -��� &��� �C��

 I %) �% IC�O1.(  

  

L�-12�+*D$ E�F (> P�= �.� � �Q/ -
� R$:% )L*6�# -
� R$:% )S:� T5% C=�
 U/�7�&� �7MV� .  R�� �&

<�= :'89� (W XD2:# �� �?�:�'/ �*> � ��N @A� )�.����� 

+'���x� `��	�  
 5K��  

-�'&4  

+�d��� B�:����  

X�� QR� $"�%   �%� ^*����J]�  �a�� �%� ^*��  b!" ���� I�  

�'� �  2  2/20 ns 0/02 ns 0/00323519* 11143/89 ns 

0�"-&��  1  4/96 ns 75/35* 0/00041667 ns 82736/48 ns 

�)C' I��* -�R"  2  0/39 1/96 0/00011667 6593/22 

��4 #	�  2  22/30** 1114/93** 0/00002963 ns 986807/27** 

 ��4 #	� I��\�� ��'0�" �-&��  2  0/17 ns 7/73* 0/00002222 ns 5484/23 ns 

�*�( I��* -�R"  8  0/60 0/94 ns 0/00001204 9457/10 

������� ���  2  7/01** 215/58** 0/00061296** 173786/32** 

��4 #	� � ������� ��� I��\�� ��'  4  0/075 ns 3/55 ns 0/00001667 ns 2302/32 ns 

 ��� I��\�� ��'0�" � �������-&��  2  1/44** 24/46** 0/00002963 ns 16588/79 ** 

0�" � ��4 #	� 3������� ��� I��\�� ��'-&��  4  0/23 ns 13/64** 0/00003889 ns 19179/19** 

�*�( I��* -�R" �*�(  24  0/22 1/52 0/00003056 3901/41 

+'���x� D
�r (%)   -  11/5  6/2  7/1  5/9  

ns 3 ** � *� �	d� @�* �:���� D���� �	d� � -�'�  ����O' QR� �� t��
�'� -�'�5  �1 �	��. �C�� .  



$�	%&'( )�*�+& �,�-	�# ).*/�01 2'3 )4-"# �56#� �&7� 

  

 ����23 �  ���	
2 �  ������1400 

240

  
(B
 1(W XD2:# �� E�F S:� T5% C=�
 :� �?�:�'/ �*> � ��N @A� �:���> :8& . .���N0 )N50  �N100 �����/ Y'�:� �-A��

 ):��50  �100  @A� � �?�:�'/ ��*> .�'/�� Z'�= � [%*�# )-7-
���/ Y'�:� T5% �� @A� �-A��30 )60  �90  .�'/ -���

 .R%& ��'W ��N��#N \��! .& ����# ]�:2� A^# ]_�=&� �&�� .-/�&-/  

  

  
(B
 2.E�F S:� T5% C=�
 -/�� :� �?�:�'/ �*> � ��N @A� �:���> :8& . N0 )N50 � N100 �����/ Y'�:� ):�� �-A��50  �

100 '/ � �?�:�'/ ��*> .�W30 )W60  �W90 �����/ Y'�:� T5% �� @A� �-A��30 )60  �90 .R%& ��'W ��N .�'/ -���  

  

 �� X�� QR� $"�% ���� 3�%� �
'���' IO'�� ��

30  ���*' ����� &' �d� ��' ��� ^"'�	 
 ^%�� &' �d� &��

 � � !" #	�/. B�	g  $"�% ���� 3������� ���

^(�
 ���x� X�� QR�3 ��V � �
�% � !" #	� � -'

 ���& ��
�8 ��  '� �4 D�% ������� ��� ������ @�* �

^%'��� )88  #
'6(' ��� �'6�� � (^%�� &' �d� &��

 #
'6(' �� X�� QR� $"�% D�% �!
'6(' ���� .�'�

I��F f4 ��.'�(  � w����/. B�	g ��� ������  �������

^(�
 #
'6('3 ��V �) 1�N" #	� ����� � -'90 

 �'�\� �� (��4 &��� �C��100  �A	� ������� ��� �C��

X�� QR� $"�% �l�'�O � )33/7 �� (72  &' �d� &��

&' X�� QR� $"�% �!.�� ���� .�% ^%�� 72  &��

 ^%'��� ���& �� ^%�� &' �d�� I�E� X�� �6
� -�.

3���V �	�
�8 I %) �% ��.�!� �.����� 5�. �� 2 � 
 .(

g

ef

d

f

de

b

fg

c

a

0

1

2

3

4

5

6

7

-7-
 [%*�# Z'�=

S
:� 

T5
% 

C
=�




�B�= @A�

NO N50 N100

   0

   2

   4

   6

   8

   0    20    40    60    80    100

S
:� 

T5
% 

C
=�




R
�> .& U  .��

W30-NO W30-N50 W30-N100

W60-N0 W60-N50 W60-N100

W90-N0 W90-N50 W90-N100

7 

6 

5 

4 

3 

2 

1 

0 



89�': ;�� ��� <�= �.��) �*> /'�?�:� � @A� B�=� :� C=�
 ��� -
�� � �:BD	$ E�F �+*D$ �& )Zea mays L(. 

  

 ����23 �  ���	
2 �  ������1400  
241

 � ���V �%� ��a9� �� /9� ����� ��
�
�� I�'�* &'

/. B�	g 	
6a� �%� ��.'�( ������� ��� ��.��V -'

	
6a� QR� #
'6(' .^�'� -'  #
'6(' � �A	� ��" 5���

�� X�� -6�	���( ^�(�M X�� QR� 3�4 �8 �� � ��%

�� #
'6('#
'6(' .���
 � X�� QR� $"�%  ��a��

) ������� ��� ������ #
'6('Patel et al., 2006(  �

 f4 ��.'�(&������� ) ���VNilahyane et al., 2018( 

.^�' ��% ��'6V  

  

3 .2)�*�� �(� +,"% .  

IV 5)O�� ���.�  #�� ��$"�% B
' �'�\� B
 )01/34 

 1�N" ��4 #	� ����� &' 3(&�� �� `������ �� @�V

� �'��.  ������� ���100 0�" ����� �� �C�� -&��

�% IC�O @���� I %) 30�" ����� �� .( -&��

 �
�% � !" #	� � ��M�NO� �'��.  ��� ������ @�*

 3�������/� ����J]� �%� ^*�� �'�\� B
 )91/6  @�V

 (&�� �� `������ ��� ^��  .��4� ��H  #	� �� �)�

�� � !" #	� � 1�N" � !"n�� )60  &��� �C��

0�" ����� 3(��4 ��� ����� � �. �� @���� -��

���*' ������� 0�" � ^a�� ��% -���� ��M�NO -&��

�
�% QR� &' � !" #	� #.��  �� .�'� ��!� )30 

 � n���� QR� &' � n���� QR� � (��4 &��� �C��

 �H �� ��J]� �%� ^*�� #
'6(' D�% 31�N" QR�

. �� 3�%� IJ(0�" /���� ��� � @���� -&��

0�"  ��M�NO -&��#�� �� I %) �% 4 3(� ��H- �� �

72  ��M�NO /2% � @���� /2% �� ^%�� &' t8 &��

� D����  �
��\�20/47  �9/43  &�� �� `������ �� @�V

 &' ������� ��� G�R� �� ���x� �� .�% IC�O�NC  �50 

 &' �50  �100 ���V -��� &��� �C�� ��4 #	� ����� �� 3

 �� ��J]� �%� ^*�� #
'6(' �C�� 31�N" � n����

^(�
 #
'6(' @���� /2% � ^a�� ��M�NO /2% I %) 

4- �!.�� ���� dE�R����� -�.����� ����� �� .(1E'

 &' $"�% B
'72  ^%'��� ���& �� ^%�� &' t8 &��

��J]� )86  ���� �%� .�% ��.�!� (^%�� &' t8 &��

X�� `
��F�� � �. f4 ��.'�( � �%� IJ( �H �� �.

 #
'6(' � �A	� ��' B
' � ^�' ���'� �
'qe �C�	* �

�% �.'�" �%� IJ( �� ��J]� �%� ^*�� )Latifi 

et al., 2004.( ��� ���0�" /���� �� +�, ��� -&��

 @����� I�E�  � 0�" �� �q� ����� n
'�% ��a9�

/. B�	g  ��.'�(#�� �� �
'qe �'�� ) �\�* ,�N� ��a9�

 ��J]� �%� ^*�� ^�' ���'�� 3(!
�#�� �� '� -

0�" � ^a�� f4 ��.'�( n
'�% ^]� ��M�NO -&��

&�������  ������� ��� �100 �	� ��E�� �C��.  W
��� B
'

 +'��� ��Kogbe & Adediran (2003)  #
'6(' ���� ��

���V �%� ^*�� �  ��.'�( #
'6(' ��a�� ������� ���

/..��'� ��'�" 

  

3 .3-./  �(� +,"% . 

IV 5)O�� �� t��
�'� 
6A� ���K ���� �� �.�

 QR� �� ������� ��� ����� ^]� n\( �a�� �%� ^*��

^(�V �'�F �C�� b
 ����O'  ���K)2 .(#�� �� B


) �a�� �%� ^*��08/0  B
' �� (&�� �� `������ �� @�V

�� +�, ���V �%� &' )O�� ����� � ~��100  ��� �C��

 I %) ��� �������5.(  � �a�� �%� ^*�� ����

��V  � ��� -'#�� ��) �4 �'�\� B
63/23  �� @�V

 ���& �� 3(&�� �� `������28  ����� &' ^%�� &' t8 &��

100  &' ���q� $"�% .�% IC�O ������� ��� �C��

28 ^%'��� ���& �� ^%�� &' t8 &�� )88  t8 &�� &'

���*' -��� ����� � �. �� (^%��  �E�6� ���� ��%

^%'�3  �� � ^a�� ������� ��� ������ @�* ���� �� ��'

 �� �a�� �%� ^*�� #.�� ���� 3�:
� -��� �����

 D�%#�� �� I %) ^(�V @�A�' -6.(  
  

  

  

  

  



$�	%&'( )�*�+& �,�-	�# ).*/�01 2'3 )4-"# �56#� �&7� 

  

 ����23 �  ���	
2 �  ������1400 

242

    

  
(B
 3 :8& .<�=(W XD2:# �� E�F L*6�# -
� R$:% :� �?�:�'/  �*> � ��N @A� )�.�� .���N0 )N50  �N100 �� Y'�:�

���/ ):�� �-A��50  �100 [%*�# )-7-
 @A� � �?�:�'/ ��*> .�'/ �� Z'�=����/ Y'�:� T5% �� @A� �-A��30 )60  �90 

 .R%& ��'W ��N .�'/ -�����#N  \��! .& ����# ]�:2� A^# ]_�=&� �&�� .-/�&-/  

 

  
  

  
#(B�4<�= �:���> :8& . .E�F L*6�# -
� R$:% -/�� :� �?�:�'/ �*> � ��N @A� )�.��N0 )N50  �N100 �����/ Y'�:� �-A��

 ):��50  �100  � �?�:�'/ ��*> .�'/W30 )W60  �W90 �����/ Y'�:� T5% �� @A� �-A��30 )60  �90 -���  ��'W ��N .�'/

R%& �� )` � Z!& (B
) <�= )Y'�:�.(4*%:# � ��a��2 �.��  
  

  

  

  

  

  

  

  

j

g
f

i

fe
g

hi

f

d

h

dc
bc

h

de

b

hi

b

a

0

10

20

30

40

-7-
 @A� [%*�A# @A� Z'�= @A� -7-
 @A� [%*�A# @A� Z'�= @A�

��a��2 bc
 4*%:# bc


 L
*6

�#
 -


�
 R

$:
%

)
g

.m
-2

.d
a

y
-1

(
NO N50 N100

   0

   10

   20

   30

   40

   50

   20    30    40    50    60    70    80    90    100

 L
*6

�#
 -


�
 R

$:
% )

g
.m

-2
.d

a
y

-1
(

R
�> .& U  .��

W30-N0 W30-N50 W30-N100
W60-N0 W60-N50 W60-N100
W90-N0 W90-N50 W90-N100

   0

   10

   20

   30

   40

   50

   20    30    40    50    60    70    80    90    100

 L
*6

�#
 -


�
 R

$:
% )

g
.m

-2
.d

a
y

-1
(

R
�> .& U  .��

W30-N0 W30-N50 W30-N100
W60-N0 W60-N50 W60-N100
W90-N0 W90-N50 W90-N100

Z!& 

40 

30 

20 

10 

0 

` 



89�': ;�� ��� <�= �.��) �*> /'�?�:� � @A� B�=� :� C=�
 ��� -
�� � �:BD	$ E�F �+*D$ �& )Zea mays L(. 

  

 ����23 �  ���	
2 �  ������1400  
243

  

 
(B
 5(W XD2:# �� E�F �Q/ -
� R$:% :� �?�:�'/ �*> �:���> :8& ..���N0 )N50  �N100 �����/ Y'�:� ):�� �-A��50  �

100 .R%& ��'W �?�:�'/ ��*> .�'/ ��#N  \��! .& ����# ]�:2� A^# ]_�=&� �&�� -/�&-/.  

 

 
(B
 6 �:���> :8& . :� �?�:�'/ �*>.E�F �Q/ -
� R$:% -/��  

N0 )N50  �N100 �����/ Y'�:� ):�� �-A��50  �100 R%& ��'W �?�:�'/ ��*> .�'/. 

  

� ���V B� #
'6(' �� X�� B�(�V�'�F I�E� �� �E�' -�.

/. � 
�� �4 B� #
'6(' B�	g ^�E�d( 3�. -6�	���( -�.

 �� �a�� �%� ^*�� #.�� � �A	� ��' B
' � �(�
 #.��

) �% �.'�" �%� IJ( �HTarigh Islam et al., 2012 .(

� � !" #	� �����^�E�d( � ���)R��� ��' ���V -6�	���( -�.

 ���V �� ������� ��a�� ��K� �� ��' B
' � ^%'� �.'�"

/. � X�� QR� #.�� �4 A��� � �% �.'�" �
�!�  B�	g

.�% �.'�" ���V �� �a�� �%� ^*��  $"�% #
'6('

 Da� � ������� ��� G�R� #
'6(' �� �a�� �%� ^*��

^�E�d( ��a9��	���( -�. b!" ���� ��E�� #
'6(' � ���V -6

��% ���� ) ^�'Mohammadi et al., 2015.(  

3 .41� 23' 45	 . 

#�� ) ��� I� b!" �&� �'�\� B
��86/1006  �� @�V

IV 5)O�� �� (`������0�" ����� &' �.� @���� -&��

 ������ � 1�N" � !" #	� ��100  -��� &��� �C��

� �% IC�O +�, ���V �������  -���4 ��� &' �aE'

�	d� +��N� �� �C�� b
 ����O' QR� �� -�'�

0�"  I %) ^%'�� ��%��
 -�.����� �� @���� -&��

7/. � X�� QR� $"�% � ~���� jO�a� �� .(  B�	g

 � � !" #	� �H �� � �% ���� ��J]� �%� ^*��

 � ��%��
 $"�% �� �. ������� ��� ������ @�*

/�  ��" �'�\� B
�� .������  
  

  

  

  

  

  

  

  

  

  

  

c
b

a

0.00

0.02

0.04

0.06

0.08

0.10

N0 N50 N100

 �
Q

/ -

:

�$:
%

)
g

.g
-1

.d
a

y
-1

(

�?�:�'/

0,00 

0,05 

0,10 

0,15 

0,20 

0,25 

   20    40    60    80    100

 �
Q

/ -

:

�$:
%

)
g

.g
-1

.d
a

y
-1

(

R
�> .& U  .��

N0

N50

N100

0,10 

0,08 

0,06 

0,04 

0,02 

0,00 



$�	%&'( )�*�+& �,�-	�# ).*/�01 2'3 )4-"# �56#� �&7� 

  

 ����23 �  ���	
2 �  ������1400 

244

  

  

  

  
(B
 7<�= �:���> :8& .(W XD2:# �� E�F L*6�# P�= �.� :� �?�:�'/ �*> � ��N @A� )�.����� .N0 )N50  �N100 

�� ���/ Y'�:� ):�� �-A��50  �100  )-7-
 @A� � �?�:�'/ ��*> .�'/�� Z'�= � [%*�#���/ Y'�:� T5% �� @A� �-A��30 )60 
 �90  .R%& ��'W ��N .�'/ -�����#N \��! .& ����# ]�:2� A^# ]_�=&� �&�� -/�&-/.  

  

  

  
(B
 8<�= �:���> :8& ..E�F L*6�# (> P�= �.� :� �?�:�'/  �*> � ��N @A� )�.�� N0 )N50  �N100 �����/ Y'�:� �-A��
 ):��50    �100  � �?�:�'/ ��*> .�'/ -���W30 )W60  �W90 �����/ Y'�:� T5% �� @A� �-A��30 )60  �90  ��N .�'/ -���

�� )` � Z!& (B
) .R%& ��'W <�= )Y'�:�.(��a��2 � 4*%:# �.��  
  

  

0�" ����� �� #	� ���*' �� ��M�NO � @���� -&��

 ������ � 1�N" � !"100  �� 3������� ��� �C��

) ^%'��� ���&88 � (^%�� &' t8 &��  D����51/1961 

 �61/1769  �% IC�O b!" c��� 3`������ �� @�V

 I %)8 - �
�A�4&' .(f � 1E'  ��� I� b!" �&� �

X�� 6�	���(  &' -�	
'��/. � �.  �%� B�	g^(��-�. 

X�� � F���� �. � X�� QR� $"�% #.�� 'qE 3�%��

 #.�� � �A	� ��J]� �%� ^*�� #.�� �4 �8 ��

i

ef
de

gh
fg

bc

h

de

b

f

cd

ab

gh

cd

ab

gh

b
a

0

200

400

600

800

1000

-7-
 @A� [%*�# @A� Z'�= @A� -7-
 @A� [%*�# @A� Z'�= @A�

��a��2 bc
 4*%:# bc


 (
> 

P
�=

 �
.�

)
g

r
.m

-2
(

NO N50 N100

   0

   400

   800

   1200

   1600

   2000

   20    40    60    80    100

L*
6

�#
 -


�
 R

$:
%

)
g

r
.m

-2
(

R
�> .& U  .��

W30-N0

W30-N50

W30-N100

W60-N0

W60-N50

W60-N100

W90-N0

W90-N50

W90-N100

   0

   400

   800

   1200

   1600

   2000

   20    30    40    50    60    70    80    90    100

 L
*6

�#
 -


�
 R

$:
%

)
g

r
.m

-2
(

R
�> .& U  .��

W30-N0

W30-N50

W30-N100

W60-NO

W60-N50

W60-N100

W90-N0

W90-N50

W90-N100

` 

1000 

800 

600 

400 

200 

0 



89�': ;�� ��� <�= �.��) �*> /'�?�:� � @A� B�=� :� C=�
 ��� -
�� � �:BD	$ E�F �+*D$ �& )Zea mays L(. 

  

 ����23 �  ���	
2 �  ������1400  
245

) +�, ���V 5��� I� b!" �&� �
�%79/262  �� @�V

 ������ @�* � �
�% � !" #	� n
'�% ^]� (`������

0�" /���� �� ������� ��� .^�' ��% ^M�NO -&��

" (�)* �� )�* #
'6('� b!  ������� ��� B���� �'��.

 n��� ���V &�������Kwaw-Mensah & Al-Kaisi 

(2006) ^�' ��% ��'6V 6��.  

  

4�6��  .7"�8  

� K�� �� B
' �  � !" #	� n
'�% �� ��M�NO /2%

1�N" )90  ���d� -�� )�* ^(' 3(��4 &��� �C��42/13 

 �%'� @���� /2% � ^a�� �C�� |h���O' 3^�'

 �� #.�� �4 DF�d�� � !
� �\�* ,�N� �� ^
���]�

�� '� �
'qe �C�	* fqK �� .^��'� A��� B
' I�E� �'��

 �
�% � !" #	� z�d� �� ���V � ����& @���� /2%

 ������ 3^%'� �'�F100  ������� ��� �C��&������� 

 3^%'� +�, ��� b!" �&� �� ���)R��� ����� 3���V

 ^
�
�� B
'���	� #	� n
'�% ^]� ������� s�J�

 .���V �'�F ����� ���
�� � !"� ��H �� �)� �'��

0�" � ^(�V A��� ��� �� ��M�NO -&�� �E�' -�.

^%'qV �.'�2� �� )�* �� '� ��" ^al� �����3  �� ��'

 � K��B
' � ��� � b!" �	���� �� �'�
'  ���� b!"

B��& �l�' � ��'� �'�F�4 �*'�& -�.  �E4 �'�� ��a�� ��

0�" 3^�' K'�� ��M�NO -&��� �'��.  ^
�
��

�� ������� f�)R� ��a9� � �A	� +��&'�� �� ��'��

 � ��a9� Da� � ��% 0�" �
����% � � 
6�( n
'�%

 �� )�* #
'6('��%.   

  

5 ."�3: 	  ����;-  

&' ��	���� *�6� %&��4� � !.�78� ��8
t &���!�- 

� `��	� aH�d�  ��:!�'� �'�9� ^��� �� �.- �� @�A�' '
B 

3#.�78 � !� � �'���F� �� ���V.  

6 .=>?� @�A:  

.�� ��V �� n��� `(�	� z��d�
��V�	� ��'�� ��K�.  

  

7=�?� .  

Abad, H. H. S., Mirhadi, M. J., Normohamadi, G., 
& Charabeh, A. (2017). Effect of deficit and 
adequate irrigation and   nitrogen fertilizer 
levels on physiological traits of maize in 
Kermansha province-Iran. Bioscience 
Biotechnology Research, 10(4), 716-721. 
http://dx.doi.org/10.21786/bbrc/10.4/16 

Alizadeh, A. (2004). Soil, water, plant relationship 
(4th Ed.). University of Emam Reza Press, 
Mashhad, Iran. (In Persian). 

Dabney, S. M., Wilson, G. V., McGregor, K. C., & 
Foster, G. R. (2004). History, residue, and 
tillage effects on erosion of loessial soil. 
Transactions of the American Society of 
Agricultural and Biological Engineers, St. 
Joseph, Michigan, USA, 47(3), 767-775. 
http://dx.doi.org/10.13031/2013.16108 

Hajabbasi, M. A., & Hemmat, A. (2000). Tillage 
impacts on aggregate stability and crop 
productivity in a clay-loam soil in central Iran. Soil 
and Tillage Research, 56(1), 205-212.(In Persian). 

Kochaki, A. & Sarmadnya, G. H. (2008). Crop 
plants Physiology (translation). Jahad-e- 
Daneshgahi of Mashhad, Mashhad, Iran.  

Kochaki, A., Nassiri Mahallati, M., Mondani, F., & 
Amirmoradi, A. (2009). Evaluation of radiation 
interception and use by maize and bean 
intercropping canopy. Journal of Agroecology, 
1(1), 13-23. (In Persian) 

Kogbe, J. O. S., & Adediran, J. A. (2003). 
Influence of nitrogen, phosphorus and 
potassium application on the yield of maize in 
the savanna zone of Nigeria. African Journal of 
Biotechnology, 2(10), 345-349. 
https://doi.org/10.5897/AJB2003.000-1071 

Kochaki, A., & Sarmadnya, G. H. (2000). Crop 
plants Physiology (translation). Jahad-e- 
Daneshgahi of Mashhad, Mashhad, Iran. 

Kumar, K., & Goh, K. M. (2000). Biological nitrogen 
fixation, accumulation of soil nitrogen and 
nitrogen balance for white clover (Trifolium 
repens L.) and field pea (Pisum sativum L.) grown 
for seed. Field Crops Research, 68(1), 49-59. 
https://doi.org/10.1016/S0378-4290(00)00109-X 

Kwaw-Mensah, D., & Al-Kaisi, M. (2006). Tillage 
and nitrogen source and rate effects on corn 
response in corn–soybean rotation. Agronomy 
journal, 98(3), 507-513. 
https://doi.org/10.2134/agronj2005.0177 

  

  

  

  

  

  



$�	%&'( )�*�+& �,�-	�# ).*/�01 2'3 )4-"# �56#� �&7� 

  

 ����23 �  ���	
2 �  ������1400 

246

   

Latifi, N., Navabpour, S., & Akram, G. (2004). 
Evaluation of growth indicators in sunflower, 
Record cultivar, under rainfed conditions. 
Agricultural Sciences and Industries, 17(1), 61-67. 
(In Persian). 

Li, R. H., Guo, P. G., Michael, B., Stefania, G., & 

Salvatore, C. (2006). Evaluation of chlorophyll 

content and fluorescence parameters as indicators 

of drought tolerance in barley. Agricultural 

Sciences in China, 5(10), 751-757. 

https://doi.org/10.1016/S1671-2927(06)60120-X 

Majidian, M., Ghalavand, A., Kamgar Haghighi, A. 

A., & Karimian, N. (2008). Effect of drought 

stress, nitrogen fertilizer and manure on 

chlorophyll meter reading, grain yield and yield 

components in grain maize cv. SC 704. Iranian 

Journal of Crop Sciences, 10(3), 303-330. (in 

Persian). 

Mohammadi, Gh.R., Safari Pour, M., Ghobadi, 

M.E., & Najafi, A. (2015).  The Effect of Green 

Manure and Nitrogen Fertilizer on Corn Yield 

and Growth Indicators. Journal of Agricultural 

Science and Sustainable Production, 25(2), 

105-124. (In Persian). 

Mrabet, R. (2002). Stratification of soil aggregation 

and organic matter under conservation tillage 

systems in Africa. Soil and Tillage Research, 

66(2), 119-128. 

Nilahyane, A., Islam, M., Mesbah, A., & Garcia y 

Garcia, A. (2018). Effect of Irrigation and 

Nitrogen Fertilization Strategies on Silage Corn 

Grown in Semi-Arid Conditions. Agronomy, 

8(10), 208. https://doi.org/10.3390/agronomy8100208 

Norwood, C.A. (2000). Water use and yield of 

limited-irrigated and dryland corn. Soil Science 

Society of America Journal. 64(1), 365-370. 

https://doi.org/10.2136/sssaj2000.641365x 

Patel, J. B., Patel, V. J., & Patel, J. R. (2006). 

Influence of different methods of irrigation and 

nitrogen levels on crop growth rate and yield of 

maize (Zea mays L.). Indian Journal of Crop 

Science, 1(1and2), 175-177. 

Ranjbar, M. H., Gherekhloo, j., & Soltani, A. 

(2016). Effect of Different Tillage Systems on 

Growth Indices and Yield of Zea mays L. (Corn 

Forage ). Iranian Journal of Field Crops 

Research, 15(2), 267-285. (In Persian). 

Rizzi, R., Rudorff, B. F. T., & Shimabukuro, Y. E. 

(2005). Analysis of MODIS leaf area index 

product over soybean areas in Rio Grande do 

Sul State, Brazil. In Anais XII Simposio 

Brasileiro de Sensoriamento Remoto. Goiania, 

Brasil (pp. 253-260). 

Sinclair, T. R., & Vadez, V. (2002). Physiological 

traits for crop yield improvement in low N and 

P environments. Plant and Soil, 245(1), 1-15. 

https://doi.org/10.1023/A:1020624015351 

Tarigh Islam, M., Zarghami, R., Mashhadi Akbar 

Bujar, M., & Owais, M. (2012). Effect of 

Nitrogen fertilizer and Water Deficit Stress on 

Physiological indices of corn (Zea mays L.). 

Journal of Agriculture and Plant Breeding, 

8(1), 161-174. (In Persian). 

Yin, X., Gouadrian, J., Latinga, E.A., Vos, J., & 

Spiertz, J.H. (2003). A flexible sigmoid growth 

function of determinate growth. Annals of 

Botany, 91(3), 361-371. 

https://doi.org/10.1093/aob/mcg029 

 


